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ABSTRACT
A conceptual design study has been conducted to identify
some of the mechanical/structural differences which result from the
use of a tug/payload combination in a space-basing mode as contrasted
with a ground-based mode of operation. The basic mechanical/
structural differences associated with space-basing were identified
by analyzing a space-basing strategy in which the tug and payload
are launched separately by the EOS and comparing it with the ground-
based mode in which the tug/payload is launched as an integral unit
in the ROS. This operational concept, which is the simplest of a
number of possible space-basing strategies, was also used to identify
the major impacts on the l.arth Orlbit Shuttle (lOS).
An investigation of on-orbit payload deployment/retrieval
mechanisms that could be utilized in the EOS for both the space-
basing and ground-basing modes of operation was also conducted as
a part of this study in conjunction with The Aerospace Corporation
DOD impact studies performed for SAMSO.
The mechanical/structural differences that were identified
from a comparison of payloads operating in the ground and space-
based modes of operation are discussed in addition to delineating
the advantages and disadvantages associated with various payload
deployment/retrieval mechanisms.
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I. INTRODUCTION
Results are presented of a conceptual design study that was conducted
to identify the major mechanical/structural differences which result from the
use of a tug/payload combination in a space-basing mode as contrasted with a
ground-based mode of operation. Space-basing of a tug/payload combination,
although it can be accomplished in a number of ways, differs from the ground-
basing mode of operation in that the tug can be based in space while awaiting
the arrival of the payload in the Earth Orbit Shuttle (EOS), in the simplest
mode, and can be refueled in space in some of the more elaborate modes. The
ground-basing mode, in which the tug and payload are launched as a unit in the
EOS, is adequate for many or most of the DOD missions but many of the con-
templated NASA missions could utilize to advantage the concept of space-basing
because of the characteristics of the various contemplated missions. Therefore,
a study was made of the space-basing operation to determine the more signifi-
cant mechanical/structural characteristics of the interface between the tug
and payload, the tug/EOS, and the payload/EOS. The basic mechanical/structural
characteristics associated with space-basing and the major impacts on critical
elements of the system were identified by analyzing the simplest of several
possible space-basing strategies while recognizing that the more sophisticated
strategies will result in additional differences in both the mechanical/
structural design and the interface requirements.
An investigation of deployment/retrieval mechanisms that could be used
in the EOS for the space-basing and ground-basing modes of operation was also
conducted as a part of this study in conjunction with the DOD impact studies
performed for SAMSO. An evaluation of concepts proposed by contractors and
other concepts derived from Aerospace in-house studies is also presented in
this report.
II. STUDY OBJECTIVES
The objective of the study was to identify the more significant differ-
ences between ground-based and space-based tug/payload combinations with respect
to the structural/mechanical requirements and configurational characteristics,
particularly in the areas of structural and mechanical interfaces, docking
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mechanisms, etc. A further objective was to identify the impact on the tug/
payload and EOS resulting from the structural/mechanical requirements of
space-basing with respect to the structural supports, electrical and fluid
interface requirements, clearance and access provisions, etc.
III. GROUND-BASING DEFINITION
In the ground-basing mode, the tug/payload combination is launched
from the ground in the Earth-to-Orbit Shuttle (EOS) as shown schematically in
Figure 1. The tug/payload combination is then deployed and separated from the
EOS in low earth orbit using a suitable deployment mechanism, followed by
transfer of the payload to the desired orbit by the tug. The tug then returns
to low altitude orbit for transport to earth via the EOS. After being re-
fueled and checked-out, as required, on the ground, the tug is returned to the
low orbit by the EOS and hence to the mission orbit where the tug recovers the
payload, and returns it to the low earth orbit. The combined tug/payload is
returned to earth via the EOS.
IV. SPACE-BASING DEFINITION
In the simplest postulated space-basing mode, the tug and payload are
launched separately as shown in Sketches Al and Ill shown in Figure 2. Sub-
sequently, the tug and payload are prepared for deployment as shown in
Sketches A2 and B2 (Figure 2). Two postulated alternative methods of mating
the tug and payload are shown in Sketches A3 and B3 (Figure 2). Sketch A3
depicts the EOS as the active maneuvering element during the orbital mating
of the payload, attached to the EOS, and the tug; Sketch B3 depicts the tug as
the active maneuvering element for mating with the payload after it is deployed
from the EOS. Using the EOS as the active maneuvering element appears to be
the more likely approach since the availability of the crew would greatly
simplify the docking operation. After the tug and payload are docked together,
the combined tug and payload are separated from the shuttle to perform a
mission similar to that described for the ground-based payload.
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V. IXPANDI)I) CONCEPT OF SPACE-BASING
Space-basing, as defined above (Section IV), describes the space-
basing mode of operation in its simpler form. Other representative space-
basing strategies, described below, are outlined in Figures 3, 4 and 5. In
Figure 3, the space-basing mode analyzed in this report is identified by the
symbol GB.
The strategies shown in Figures 3, 4 and 5 expand the basic space-
basing concept described in Section IV by: a.) postulating the extension of
mission durations, b.) by increasing the AV capabilities of the tug through
the utilization of the entire shuttle payload bay capacity for the tug alone,
and c.) by providing an orbital propellant depot (OPD) for refueling and/or
storage of the tug. These strategies are indicated in Figure 3 by the symbols
GB-X, SB, and SB/OPD, respectively. These expanded strategies, and the
strategy in which one tug is used for both operational modes (GB/SB) were
investigated only briefly in this study.
VI. STUDY APPROACH
The study to identify the major mechanical/structural differences
which result from the use of a tug/payload combination in a space-basing mode
as contrasted with a ground-based mode of operation was essentially conducted
in three separate parts. The first part of the study involved a comparative
evaluation of payload deployment/retrieval mechanisms. This part of the study
was conducted in conjunction with The Aerospace Corporation DOD impact study
since the tug/payload combination defined for this study (Section VII) is
typical in many respects to the DOD payloads under consideration. The second
part of the study consisted of a comparison between a ground-based tug/payload
combination operating in a ground-based mode and the same tug/payload combina-
tion operating in a space-based mode. This relatively unsophisticated space-
based strategy was used to determine the basic mechanical/structural character-
istics of the interface between the tug and payload, the tug/EOS and the
payload/EOS. The third part of the study involved a brief analysis of the
remaining (expanded) space-based strategies to determine the more significant
differences between the ground and space-based operational modes.
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VII.' GROUND RULES AND ASSUMPTIONS
The ground rules and assumptions used in this study are as follows:
1. The McDonnell Douglas Corporation (FDAC) EOS orbiter payload
bay geometry and structural attachments were selected as a
representative baseline arrangement. The payload bay charac-
teristics of the MDAC EOS orbiter are as follows:
a. Payload clear volume 15 ft dia x 60 ft long
b. Payload bay compartment length o5.75 ft
c. Static clearances between payload clear volume diameter
and adjacent orbiter structure:
1. At bottom of payload 0.25 ft (3.0 in.)
2. At horizontal centerline 0.417 ft (5.0 in.)
d. Distance between forward 3.83 ftl (46.0 in.)
bulkhead and payload
e. Docking mechanism hinge point - 5.0 in. aft of the
forward bulkhead and 81.0 in. above the payload
centerline
2. The representative tug and payload selected as baseline for
study purposes is a tug having the dimensions noted below
combined with a scaled-up version of the Tracking Data Relay
Satellite (TDRS) having dimensional characteristics as follows:
a. Tug
Dimensions
Overall length
Diameter
b1. Scaled-up TDRS
Overall length
Diameter
Ft
36.252
Weight (Lb)
66,558 (fully loaded
with propellant)
15.0
21.0
15.0
7,950
1 Dimension established by MDAC as the interface plane for docking payloads.
2 Dimension with the Pratt l Whitney RL-10 derivative engine skirt retracted
thus reducing the on-orbit engine length by 60.0 inches.
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VIII. PAYLOAD DEPLOYMENT/RETRIEVAL CONCEPTS
A number of deployment/retrieval concepts for a typical tug/payload
have been tentatively defined. These concepts are shown in Figures 6 to 10,
respectively. The forward pivot deployment/retrieval concept, depicted by MI)ACand
shown in Figure 7, and the MDAC orbiter anti tie-down system were selected for
use in comparing ground-based and space-based deployment/retrieval requirements.
The basic characteristics of the various deployment/retrieval concepts, in
addition to the advantages and disadvantages associated with each of the
respective mechanisms, are discussed below unler the appropriate headings.
A. Description and Characteristics of Deployment/Retrieval Concepts
1. Linkages
All concepts shown in Figure 6 are dual linkage arrangements
in which one or several linkages, depending on the concept and deployment
geometry, is positioned on each side of the payload.
Concept Description
4-Bar Linkage and
Scissor Linkage
Swing Link
Advantages
a. Fabrication simplicity.
b. Fine adjustments
easily achieved.
a. Provides additional
inplane payload move-
ment.
b. Minimum radial clear-
ance requirements.
I)isadvantages
a. Fixed in-orbit
deployed position.
h. Insuitable for multiple
payload arrangements.
c. Payload clearance
envelope exceeded
locally due to linkage
geometry (EOS impact).
d. Synchronized motion
required between arms.
e. Pitch plane movement
only.
f. Deployment question-
able if one side of
linkage fails.
a. Unsuitable for multiple
payload arrangements.
b. Lack of torsional
stiffness in yaw.
c. Deployment question-
able if one side fails.
All of the linkage concepts require accurate alignment and precise joint
motion synchronization to prevent variations in the deployment motion which
could cause the payload to wedge between the linkage assembly.
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2. Forward Pivot
The forward pivot mechanism shown in Figure 7 utilizes a hinge
located at the forward face of the EOS payload bay. Half of the hinge is
attached to the EOS; the other half is attached to a docking device which in
turn is attached to the payload. The payload is rotated out of the EOS payload
bay about the forward pivot.
Advantages Disadvantages
a. Simple, straightforward pivot a. Fixed in-orbit deployed position.
hinge design. b. Unsuitable for multiple payload
b. Stable control of deployment due arrangement.
to the wide displacement of the c. Limited to single degree of
hinge arms. freedom (inplane).
c. Crew transfer capability easily
incorporated.
d. Fewer actuators required in
comparison, for example, to
linkage concepts.
e. Pivot concept can be adapted to
either end of payload bay.
The forward pivot mechanism is a simple straightforward approach.
However, the payload is restricted to being deployed in a single rotation
plane. A disadvantage associated with this concept is the inverted position
of the tug during launch in which, as contrasted with the conventional launch
arrangement (nozzle aft), the acceleration forces on the fluid propellant are
in opposite, instead of the same direction, during launch and orbital flight.
A cursory evaluation of the respective plumbing arrangements indicates that
additional plumbing lines, valves and fittings are required for the inverted
arrangement. The overall effect of the inverted position of the tug is an
increase in the tug mass fraction.
3, Teleoperator
The teleoperator concept defined in Figure 8 is basically a
crane or derrick mechanism comprised of several connected links driven inde-
pendently at the joints.
Advantages Disadvantages
a. Deployed payload can be maneu-
vered to obtain a two degree of
freedom motion capability.
b. Adaptable to alternative locations
in payload bay.
c. Teleoperator end fitting can be
adapted to suit different
manipulator devices.
d. Considerable practical experience
available with ground applications
of teleoperators used for removal/
replacement of isotopes and
orthotic devices for amputees.
a. Lack of stiffness due to limited
space and inherent flexibility of
cantilever structures. Relatively
slow deployment to minimize de-
flections of structure.
The teleoperator is particularly well suited to multiple payload
deployment. The device can also adjust or vary the deployed position of the
payload.
4. Payload Bay Door
The payload bay door concept shown in Figure 9 uses the door
as a primary structural element to which the payload is attached during
launch. In orbit, the payload is rotated by the door to the proper position
for deployment.
Advantages Disadvantages
a. Payload can be positioned to
clear EOS in one simple
operation.
a. Weight penalty associated with
strengthening doors to support
payload.
b. Requirement for several separate
doors to accommodate multiple pay-
load arrangements would involve
an even greater weight penalty.
c. Connection of electrical power,
fuel, and command and sensor line
umbilicals may be severe problem
(15" fuel line) assuming that
these connections must be rotated
to the deployed position.
The payload bay door concept is a novel approach. However, deployment
of the payload from inside the EOS payload bay to a position outside, and
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adjacent to, the vehicle fuselage by rotating the door does not appear to
provide sufficient advantages to overcome the probable structural weight
penalty associated with this concept. This concept is, however, attractive
enough to warrant further consideration.
5. Combined Concepts
Several combined concepts are shown in Figure 10 - the crane
(teleoperator) and banjo pivot, crane and segmented structural door, and a
crane combined with a complete structural door. These combinations were
selected as being representative of combined concepts having sufficient poten-
tial to be considered as attractive deployment/retrieval candidates. The
relative advantages and disadvantages of these combined concepts are
associated with the merits previously identified for the individual concept
used in the combination approach. By combining two or possibly three
separate deployment concepts into one, it is possible in some combinations to
obtain a composite of the advantages associated with the individual concepts.
B. Concept Comparison Criteria
An effort was made to rank the various contractor payload deploy-
ment/retrieval concepts as well as those concepts developed in-house (luring
the study. To assist in ranking the various mechanisms, the selection
parameters listed in the matrix shown in Figure 11 were derived. These
parameters are the more significant ones to be considered when selecting a
deployment/retrieval mechanism. The deployment/retrieval concepts are ranked
according to their capability with respect to a given parameter. It is
difficult at this time to select a specific concept as the best overall since
payload design data and operational characteristics are not known in suf-
ficient detail. The concept ultimately selected will depend on the emphasis
placed on specific characteristics; for example, maintainability and relia-
bility may be more important in some cases than light weight.
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1. System Weight Impact
System weight impact (Figure 11) refers to the relative
weight increase of the shuttle/payload system imposed by the addition of the
payload deployment/retrieval mechanism system. The five categories of deploy-
ment mechanisms are ranked in the order of lowest (1) to highest (9) weight
based on an overall assessment and comparison of the size and number of required
structural members, links, mechanisms and fittings, etc.
2. Operational Reliability
On-orbit operational reliability (Figure 11) refers to the
degree of reliability that can be achieved with each particular mechanism
relative to the other systems. The five catagories of deployment/retrieval
mechanisms are ranked in the order of highest (1) to lowest (5) on-orbit relia-
bility based on relative assessment of the number, type and overall characteris-
tics of the drives andi mechanisms required to operate the devices.
3. Power Requirements
Each concept is ranked on the basis of the lowest (1) to highest
(4) estimated power required to operate each particular mechanism during the
deployment/retrieval cycle as compared to each of the other concepts considered.
4. Thermal Distortion Effects
Thermal distortions may be induced in the mechanism due to
changes in temperature in the mechanism resulting from proximity to the tug's
cryogenic tank, payload bay environmental changes, and on-orbit sun/shade
variations from ambient conditions. Some mechanisms are more sensitive to
temperature variations than others particularly where the mechanism is comprised
of relatively long linkage members, for example. As indicated in Figure 12,
the static clearances between the payload envelope and shuttle payload bay are
marginal at best and any significant decrease in clearances resulting from
mechanism thermal distortions could present a problem. The five categories
of deployment/retrieval mechanisms are ranked in the order of lowest (1) to
highest (5) effect on the mechanism due to thermal gradients.
13
Page 10
5. Mechanism Complexit
The complexity associated with each particular mechanism can
be qualitatively assessed by evaluating the number of linkages, pivots, drives
and joints that are used. In addition, the number and complexity of the ad-
justments required to attain the proper alignment is important in assessing
mechanism simplicity. Some mechanisms, particularly those that can be more
easily aligned than others, use fewer links, pivots, drives and fittings, etc.
The five categories of deployment mechanisms are ranked in the order of lowest
(1) to greatest (5) complexity.
6. Adaptability to P/L Mix
Each deployment/retrieval mechanism is ranked with respect to
the degree of adaptability associated with the deployment of different types and
numbers of payloads without the requirement for excessive adjustments or modifi-
cations. The payloads may vary from a single payload,that uses the complete
payload volume,to a multi-payload arrangement consisting of a number of space-
craft, or mixes thereof. The five categories of deployment mechanisms are
ranked in the order of greatest (1) to lowest (6) adaptability with respect to
the deployment of a variety of payloads.
7. Tug Impact
The impact to the tug that results from installing or attaching
the deployment/retrieval mechanism to the tug is assessed under this heading.
For example, additional structural members may be required in the tug to
resist local load concentrations that occur because of the type of mechanism
that is used to deploy the payload. The five categories of deployment
mechanisms are ranked in the order of lowest (1) to highest (6) impact on the tug
vehicle.
8, Mechanism Check-out and Adjustment Accessibility
The various deployment/retrieval mechanisms are ranked
according to the access provisions that are required in the EOS
vehicle to install, check-out and adjust the payload deployment/retrieval
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mechanism. The five categories of deployment mechanisms are ranked in the
order of highest (1) to lowest (5) accessibility for check-out and adjustment
without the requirement for special access provisions.
9. Concept Evaluation
Based on a summary comparison of the concepts considered in
this study, it appears that the fixed linkage mechanism concepts described pre-
viously contain sufficient inherent disadvantages to detract from the attractive-
ness of this deployment/retrieval device as a candidate for further considera-
tion. The main disadvantage of the linkage concepts is the lack of lateral
stiffness provided during payload deployment. Lateral stiffness is difficult
to achieve since insufficient clearance exists between the EOS payload bay and
the tug/payload for providing sufficiently stiff structural members. T1e
linkage concepts also require accurate alignment of the joints and precise
synchronization of the joint motion to prevent wedging of the payload between
the linkage assembly during deployment.
The payload bay door concept for payload deployment is a novel
approach worthy of further consideration. However, deployment of the payload
from inside the EOS payload bay to a position outside andt adjacent to the
vehicle body does not appear to provide sufficient advantages to offset the
structural weight penalty that appears to be associated with this concept.
The structural weight penalty occurs because the payload bay door is required
to support the tug/payload during launch and thus becomes a primary structural
element; in the baseline EOS vehicle, the door is essentially a non-structural
element. The EOS vehicle tentatively uses the inside surfaces of the payload
bay doors for the thermal radiators. When used for the radiators, the doors
would be opened during exoatmospheric flight so that heat could be dissipated
from the radiator surface. If the payload were attached to the payload bay
doors, then an alternative surface would be required for the radiators.
Alternative locations would be difficult to find since the majority of the
external surface of the EOS is comprised of shingles that are used for thermal
protection purposes during re-entry and do not readily lend themselves for use
as a radiator. A more detailed evaluation of this aspect of the design would
be required if the payload bay door concept is actively considered as a
future candidate.
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It has been tentatively concluded from an evaluation of the
various payload deployment/retrieval mechanism concepts considered that the
teleoperator combined with, for example, a pivot-type mechanism offers a
desirable combination for deployment/retrieval of the tug/payload and that the
weight associated with the concept relative to other concepts is not excessive.
The ultimate selection of a deployment/retrieval mechanism
requires a more detailed knowledge of the design and operational characteristics
of the payload and payload mixes contemplated for use with the EOS/tug
system.
IX. COMPARISON BETWEEN GROUND AND SPACE-BASING CONCEPTS
A comparison of the mission operational characteristics for a ground-
based tug/payload vehicle operating in a ground-based and space-based mode
(identified by the symbol GB in Figure 3), as shown in Figure 2, indicates
several significant differences in the design requirements for the respective
modes.
The launch configurations differ, as shown in Figures 1 and 2, in that
an additional docking interface mechanism, that is, one on each end of the
payload, is required for the TDRS payload operating in a space-based mode.
The additional docking device is required to mate with the tug if orbital
mating (Figure 2) is considered whereas the docking device on the other end is
used to support the payload from the EOS vehicle docking mechanism during
launch. The docking device used for supporting the payload during launch is
also used to deploy the payload/tug combination if an alternative docking
method is considered in which the tug is docked to the payload while the
payload is still attached to the EOS.
The relative positions of the ground and space-based payload in the
EOS payload bay are different for the respective launches (Figures 1 and 2).
In the ground-based tug/payload arrangement, the payload is located in the
aft end of the E3OS payload bay since it is attached to the tug; in the space-
based arrangement, the payload, since it is launched separately, is attached
directly to the EOS docking device that is located adjacent to the forward
bulkhead in the MDAC baseline. The power, sensing, command, etc. interface
disconnects would therefore be in different locations in the FOS vehicle for
the respective basing modes.
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An evaluation of the ground-based payload electrical, signal and
sensing connector requirements suggests that only a single connector for
mating with the tug is required. Conversely, in the space-based mode involving
separate payload and tug launches, two connectors for electrical, signal and
sensing functions are required in the EOS for mating with the tug and payload.
It may be possible through careful design to achieve interchangeable inter-
faces by standardizing the payload interfaces. A more detailed analysis is
required to adequately identify the differences in interface characteristics
and to evaluate the various alternatives associated with the ground and space-
based payloads.
The MDAC EOS payload structural supports (Figure 12) which were used
as baseline for this study were defined specifically for the integral tug/
payload ground-based launch mode. The design of the structural supports
associated with the ground and space-based tug/payload will differ due to
differences in the relative locations of the ground and space-based payloads
(Figures 1 and 2) with respect to the EOS baseline payload mounting support
points shown in Figures 12 and 13. The aft structural payload attachment, also
shown in Figure 13, is part of a typical support concept developed specifi-
cally for the ground-based tug/payload arrangement. The structure was located
as shown to support the tug but is not suitably located for supporting the
space-based tug and payload when launched separately. An analysis of the
structural support requirements for a variety of payloads should be conducted
to determine if the support locations can be standardized.
One of the alternative tug/payload orbital mating concepts, identified
in Figure 2, shows the space-based tug being docked to the payload while the
payload is still attached to the EOS. This mode of docking differs from the
docking method postulated for the ground-based tug and payload in Figure 1.
The actual docking and attachment of the payload to the tug while the payload
is docked to the EOS may impose more severe docking loading conditions than for
the orbital mode of docking identified for the ground-based tug/payload (TDRS)
vehicle due to differences in the respective mass relationships since it is
assumed that the closing velocities, and the alignment and shock absorbing
characteristics associated with both docking modes, are similar. A more
detailed analysis is required to determine whether the advantages associated
with using the hard docking mode of operation compensates for the additional
structural requirements that may be imposed on the tug.
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X. IMPACT OF EXPANDED STRATEGIES ON GROUND-BASED VEHICLE SYSTEM
From a review of the various alternative mission strategies outlined in
Figure 3, several differences between the operational mode of a ground-based
tug/payload (GB Figure 3) operating in a ground-based mode and, for example,
a ground-based tug/payload operating in a space-based mode can be found. A
comparison of strategies (Figures 3 and 4), listed as GB-X (ground-based
extended mission design), GB/SB (both ground-based and space-based design),
SB (space-based), and SB/OPD (space-based with orbiting propellant depot),
was made to identify some of the requirements for achieving an extended mission
capability and other operational requirements associated with the expanded
strategies. A discussion of the more obvious differences are conducted under
separate headings below.
A. Extended Mission Capability
The space-based tug, with extended mission capability (up to 1 year
on-orbit duration) may be required to perform several different missions
during this time and, since refurbishment after each mission is impractical,
the design requirements for the various interfaces and disconnects would
differ from those required for a similar ground-based vehicle. The disconnects
would include interface connectors (power, equipment,sensing,and command and
control signals, wire lines, etc.), fuel connections, cryogenic replenishment
connectors for power systems, etc. Differences in the design requirements
would result mainly from the longer on-orbit durations and increased component
duty cycles in addition to the effects of wear and contamination, etc. that
could contribute to possible connector malfunctioning. An extended mission
capability requires longer storage of the cryogenic propellants which results
in changes in the tank design,particularlythe tank insulation requirements.
B. Operational Requirements
The operational requirements for a ground-based mode of operation
as contrasted with space-basing differ significantly. The SP/OPD strategy
listed in Figure 3 indicates that the tug would be refueled from an orbital
propellant depot (OPD) as contrasted with being refueled on the ground. The
refueling operation imposes an entirely different set of requirements to be
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used in the design of the ground and space-based docking mechanisms and fuel
transfer system. For example, the docking dynamics associated with the in-
orbit docking of the tug and OPD will differ from the normal docking operation
and will probably require that the tug be strengthened locally to accommodate
higher loading conditions. The postulated concept of docking two tugs,
identified in the GB (Figure 3) strategy for transferring payloads to higher
energy orbits, may also significantly affect the docking mechanism, the design
of the tug local structure in the vicinity of the docking mechanism, and the
attachment design requirements.
C. General Comments
An in-depth comparative analysis of the space-based strategies,
shown in Figure 3 and similar ground-based strategies, would be required to
identify many of the changes in the tug design that result from differences
in the various strategies. For instance, the tank insulation requirements
will probably change due to the extended mission requirements and the skin
thicknesses may change locally due to the higher loading conditions resulting
from different docking requirements. Differences in the micrometeorite
puncture criteria resulting from longer on-orbit stay times will also
increase the outer tank skin thicknesses. The majority of the interface
connections - dump valves, refueling devices, etc. - would also have differ-
ent design characteristics due primarily to the higher duty cycles and longer
on-orbit storage requirements.
One of the more significant items required for the space-based
vehicle may include the requirement for a maneuverable propellant probe. The
probe would be a part of the tug equipment and would be used to connect with
an Orbital Propellant Depot (OPD) for refueling purposes in place of a hard
docking device. Also, the tug may incorporate a mechanical grappling device
to retrieve payloads not equipped with a universal docking device. In
addition to devices required for the possible removal and replacement of
specific components, devices for accomplishing possible space rescue missions
may also be included.
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XI. CONCLUSIONS
The selection of a payload deployment/retrieval mechanism is dependent
on the configurational characteristics of the EOS payload(s). Several signifi-
cant selection parameters have been defined for use when selecting a deployment/
retrieval mechanism. Selection of a specific concept as the best overall is
difficult to accomplish at this time since the payload design data and opera-
tional characteristics are not known in sufficient detail. However, if the
details of the various EOS payloads and their deployment/retrieval characteris-
tics are defined before finalization of the design of the EOS payload bay com-
partment, deployment/retrieval mechanism concepts can be identified that will
satisfy the major requirements of the system.
A comparison of the mission operational characteristics for a ground-
based tug/payload vehicle and a ground-based vehicle operating in a space-based
mode indicated several significant differences in the design requirements for
the respective vehicles. The launch configurations differ in that an addi-
tional docking interface mechanism is required for the TDRS payload operating
in a space-based mode. The relative positions of the ground and space-based
payloads in the EOS payload bay for the respective launches are also different.
In the ground-based tug/payload arrangement, the payload is located in the aft
end of the EOS payload bay since it is attached to the tug; in the space-based
arrangement, the payload, since it is launched separately, is attached
directly to the EOS docking device that is located adjacent to the forward
bulkhead in the MDAC baseline. The space-based tug, with extended mission
capability (up to 1 year on-orbit duration) may be required to perform several
different missions during this time and, since refurbishment after each mission
is impractical, the design requirements for the various interfaces and discon-
nects differ from those required for a similar ground-based vehicle. These
disconnects include interface connectors (power, equipment sensing, command
and control signals, wire lines, etc.), fuel connections, possible requirement
for cryogenic power systems, replenishment connectors, etc. The differences
in the design requirements would result mainly from the longer on-orbit
durations and associated component duty cycle requirements.
DOCKING MECHANISM
- PAYLOAD
LAUNCH CONFIGURATION
TUG/PAYLOAD DEPLOYED POSITION
SYNCHRONOUS ALTITUDE TUG/PAYLOAD SEPARATION
SYNCHRONOUS ALTITUDE PAYLOAD RETRIEVAL
EOS TUG/PAYLOAD RETRIEVAL
FIGURE 1 GROUND-BASED STRATEGY
TIG,
_X-N -OCIN
BI
INDEPENDENT LAlMOI CONFIGWITIONS
A2 B2
INDEPENDENT PAYLOAD AND TU DEPLOYED POSITIONS
PAYLOAD Z n .-0- DOCKING MEOQANISKTUG_ 
IN-ORBIT MATING
B3
TUG/PAYLOAD ORBITAL MATING ALTERNATIVES
FIGURE. 2 SPACE-BASED STRATEGY
_ 
m 
Al
- PAYLC
A3
DOCKIN -4 DOCKING
.d
I I I I
eo .0I D -
0 u
En ¢U o:
z 4
0a o ¢
X ~ a z Z
¢ CiD 0
Z O¢Z 0
F4 Q - > o XE-4 
tn .
W to >4 t
w 0. F4 Q o 
v, )
s 0 C> a
i l a ¢
4: U) H) C
of cg 
0 H
:04 -I
U) LI Cii ~ 
W vl~~~W U 
0 4 Ci
0 to) 0 0
F 1-
01C
* Cil1~
lul 1~0
W ,
H U)
0C4
0
0I
u o
Cii
w
01Q
va
-EU
UZ
U):H
X
u
z
atn 
d P4 EWE 0
inn 
s-I
z
0
H
a
aU)
Ci
0
0
w
u
U)
0
Cl
z
oH Clu 0
0
o
ac n
U) U zCl 0 e
o Cil>
1.
_ J X
UM u
0
z H
0C ii
a 
W~~
> Z H
,4:4 0
2 CO 
H 04
w W~~
W a v,
4s: 0 Wo ¢~~~~
O~ a 04 Cin > 0
01 Uz D Co0~~~0
0 ~ 0
Ca
C cl 0 : 
a 1g1 °oz a
I C~l z 
4: z~~0
H 01z 2
o U)U
Cii c-e
Cl
0 0 0
U)
z
0
U)
a
z
0
0
01
0
U
0Cl
LL:
QC
u.
* ·
U,
z
0o
U,~:
En E
X "e
,< 4
z 0
4
W t
f.Z
l
0
-S
(A
-- I I I - I I
U)
>
U)
>4
U)
>41 0 
cH
5'4
U
x
I
0 0
H
'4
'-4
U)
N
Z ~ Z
u
'f ,z x z M
o ri g oz o o
_ ) 
_ 
Z : o 
0; 0 0t~p9 Z z, z~ ~:~ ~ ;
I ~ ~ O crW 
tn~n ~w~cl)Sc ~c~ ~~!
0
z
0
Z
W
zZ
0
Z
0 0 
Z z Z
U)'-4
WWx
a
U 0U
I' I I I I 
Li ~ ~ ~ 
~ 
~ 
~ 
H 
H
m0 
4 "U
4 : L
U,
zn
Z
I N
otnP
0 O
~gUN
0,~
XZ¢
oc7
u "-I
DWy
z
H E
O Z;
z WO
H UC
W .¢
a N w
Zn
z
0
;-4
b
4:
[-,
'4
HZ
W04 H
u N
z
,-.
WN
';
0,
U)0
W a
W):e
pDO
>4
H-
4:
4:
H
0
c 
1
on
iO
. WWa
0
1K;
o
btCI
I-S
p-4
,0
OCg
M W
4:
a4o_v 
n Wn
O -
>4
oc4
RCu:D <
PLi
Hp
ZU)
W <
uiti
0 i
H n,
ZWO149
e U)
OH 
H W
W 4I0H
E4 %
bC9>4 0
-
EH u
Izn
W 1
V) 0
Z
0
Z
W
on4:
01
f D
PA;
01
DU)
W 
::) 9
z ::
I - - - - - - - - a 
>a
U
H
.4
En
p4
U)11
toH
,U)
.C44
0 P
' ¢
U)H
i4~AZ 
P4U3 0
¢ 4
Ub
Ln
C
-4
UP
I . I
III I--l-
-1
I
I
I
I
I
11
III
I
I
I
FO
LD
OU
T 
FR
AM
E)
)E
PL
OY
M
EL
 
T 
/ 
_
E
T
 I E
EV
AL
C
o
u
c e
sT
-
D
o
c
l 
K) 
C;
Se
cT
'o
~Q
 A
-A
SM
CT
,IO
N 
A
-A
,
bO
LD
Ol
 IT
 
FD
' A
 
r
 
"
FI
GU
RE
 
6 
C
_
L 
i 
.
A
 E
D)
ocj
:::l
Q 
Ccr
3S,
o
s
 5 
P, 
v
o
 
's
fO
LD
OU
T 
FR
AM
ee 
F
o V
A
 
P
. v
o
T
DE
 
o
L OY
M
E.
JT
/
IQ
Te
ZS
12
 
2E
.I
C
E
.
x
\ 
tP
e'
oV
So
$
I N
1
le
m
ew
Zr
 T
. 
E V
A 
L
A
S
FO
LD
OU
T 
FR
AM
E 
',
v 
RI
5 I
C
)5
,
/<
-
eW
A, 
PA
 fi(
Lo
^
7,
C
~s
X
 
A
ce
s 
'
.
-
lu
T
6
eF
r.
,x
:e
Ic
 O
m
s 
AC
CE
SS
FO
LD
OU
T 
.
-"
 K
2i
!
TE
LE
 Of
AT
Oeo
DE
 P
LO
YM
 
)T
 /
D
o
c 
ti
cl
c
I 
'lT
IA
L 
DE
fL
.O
IE
 
0To
s F
iT
o,
 
L.o
cOD
 
kT
T
o 
Fi
%
34
L 
L
O
C
qc
oo
 
w
R2
ET
e 
EV
AL
OL
-LO
UT
 F
RA
ME
,
D
o
c 
CI
CI
TIA
l A
L
 
D
E 
L-
oV
E'
 D
lb
os
iT
o Ci
 
L) L
i 
SEQ
cVr 
T
T
o 
F
jtq
L 
L
O
C
z,
|o
FI
GU
RE
 
8
PR
eV
i s
 lO
BS
P
A
T
'L
O
A
D
SE
CT
F..
t 
o
I 
:.
 
_
,
.
.
 
-
-
-
VI .
:-
D
E
PL
oY
I£
 T
I 
-
:.
 
u
 
RA
vi 
D
 
-
C
0
C
 e
 P
T
 S
IA%
-
4
C
O
M
P.
.T
E
 
.
.
5T
 
L)C
.T 
OS
AL
. 
D
C
i 
I 
!'I
d-
PA
I'L
OA
LD
 D
E
V
O
&
t'-
/-
e
rA
- 
-
FR
o 
D
oo
;>
.; 
7s
( I/ 
.
I 
.
.
I_
 
.
-
_
.
.
Zo
ne
~ 
LI
M
KI
S
r
-
 
-
-
i 
BA
g-
A
 .-
A
- 
DE
PL
OY
ME
NT
 
/
CO
M
BI
E 
D
-
DC
:,) 
ai 
oC,
IN1
. Pr
~
i1
O
so
 
S
RE
 T
E
I E
LV
A 
L
.
T~
 
Te
I&
,A
L 
D
oo
fr 
_
 
,-
~
V
, 
~
c'
&
i 
I. ....
O
h 
.
o
 
Ts
2 
) e 
T1
 
US
A 
r
o
 s 
l TV
 
o
1i
I
TR
O
rS
FE
tg
S
p
cC
T
 
S_
'T
A
,.T
 
o
Sc
SP
 
.
o
a
.T
 
P
A
'L
O
'S
;;
o
-
nj$U
T F
RA
IE
2-
_
J K
U.
__
L- - L- - .L i- .__.I.-__jI
0
cnV)LI(1 e U
[_, u 1 " 0 0 
ccw n rC
Vl
,<I ~~~~~~~~~~I~o
0~~~~~~~~~~~~~~~~~~~~
.- lO ,n In eq ~ rn -4 tfM to 44
Ca X v~~~~~~~~~~~~~
ccc
LLI co
to
Er~~~~~~~~~~~~~~~~~~~~~~~~~~~~~r
.lE- c
-r4
CI qt~lyn L C V - P4 le It CIA IV m Ln M
" o~~~~~~~~~~~~~~~~~~~~~~~~~~ o~
o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~c .U)'-
el,'41
W Ilr ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ =
'n M U t) ,, co
f3 f
mi tD CZdM 
C3
L; LL. W '9L. 0~~~~~~
~~~~ oc~~~L 
J- 4- L i4-
£ET
 AM
E 
I
FW
I
FRY
LQ 
o
 
T
W
a
lW
o
n
 
i4
0O
W
F
b
A
q
o
^
D
 
o
r^
 
D
O
O
st
 
*
s
-_
 
-
-
Y
 
a&
D D 
&
( 
D
oo
 
-
-
i
(k, 
4)
i 
sJL
9)% 
F
A
X
 
fS
bo
cia
"4
 
&
J
O
a
b
SE
C
T)
Ok
 A
, A
04.
-' (av°l
SE
CT
IO
N
3 
5-
B
5s
--x
y 
X
.-
!
FI
GU
RE
 
12
P
A
Y
)-
Z O
A
D
 
B
A
 Y
-
I 
-
-
 
-
,
 
_
W
.
,
-
.
I~
~~
~~
~~
~~
~~
~~
~~
2L
:L
L
 
,
W
iI
-
4b-
-I 
~
 
~
 
'
-
1
L
' i^
1
 
U
r 
t 
i'
 
x
 
L rl
>
P
 
3
· >
/ 
3 
Jr
T
 
ca
 
rj
D
_-
\~
~~
~~
~~
 
.
.
.
.
.
.
.
.
.
-
.
 
.
.
.
.
.
 
-
_
 
[~
--
-' 
TP
*Y
LO
' AD
 
DE
r'o
YA
1 
i
-
-
r
A
T
l
-
 
b5
r--
N /
5b
. 
o
 
-
l~
-r~
 
I~
 
£0~
E 5 
o
. 
B
IT
~
 Q
(L
O
A
D
 
L
- 
\qvR
D5 i
, 
&3
 
Pl 
c, /
_
_
_
_
E
t 
_
_
_
_
_
i;
!ji
'ii
iii
i 
ii :
L:
oi
¶ 
~
.
.
OC
.*
%
¶Q
il)
~
! I 
ii
ii
~
il
ii
ii
i~
i~
~
~
~
ii
ii
 
ii
ii
il
ii
i 
i~
~
i~
i~
~
~
_
_
_
_
_
_
_
_
_
_
 
R.
) 
F 
4)i
i~i
iiii
 
ii
ii
ii
:i
ii
ii
ii
·i
ii
i~
ii
ii
i 
ii
ri
 
ii
~
j~
i~
~~
i'i
~~
iii
i:
iii
) 0
)/
T
D
 R
5
 
PA
- 
cLO
A>D
(6
0F
T
 L
O
 
5 
c 
PT
 D
IA
)J
X00
X'C
..iir
t
.
~
.:-.
 
-
.
 
'-
~
. ;:~
.:
0S
it ' 
.
,
,
,
w
' 
.
.
.
'
i'
 ',
'
.
.
 
.
.
.
.
.! ,
.
.
.
ii
i.
.i
.i
ii
.i
.i
ii
i.
.i
i.
ii
ii
i.
i!
!.
i.
i.
ii
.i
i!
..
ii
ii
.i
i.
ii
'
.
t..
....
...
.
- ~
.
.
.
~
~
.
.
~
~
~
~
~
ii
ii
o!
~i
li
ii
ii
ii
ii
ii
ii
~i
ii
·~
~i
li
ii
i~
 
·
;;
;;
;
~
:1
:1
:1
 i::
::
:I
~i
l::
i~
i: 
ili
ii~
iii
iii
i~
iii
iii
iii
iii
i~
i~
i~
Ii~
.:i
 
iiii
~i~
ii~
iij i
ii
 
i !
 i i
i ii
i 
ii
i 
ii
ii
ii
ii
 
ii
ii
ii
ii
ii
ii
ii
i 
ii
 
ii
ii
ii
i 
ii
ii
 
ii
~i
ii
i 
ii
:i
ii
 
ii
ii
ii
ii
i!
 
`
ii
ii
 
ii
~
~
~
~
~
~
~
ii
i~
~
~
~
~
~
~
~
il
iI
~
~
~
~
~
~
~
~
~
~
ii
i~
~
~
i
?
::
: 
~
~
iI 
iiiii
i'~:i
i~'ii
iiiii
 
i1
1
r~
ri
ii
ii
~
ii
ii
i 
~
ii~
iij
iii
ii~
iii
iii
iii
i 
~
'ii
ii~
~~
~
lis
iii
iii
ri
tii
ii ;·:
:::::
: 
:
,
:
ii
i:
.i
ii
ii
·:
ii
ii
ii
ii
ii
ii
ii
ii
ii
ii
i
~
Iii
~ii
:;i
:$$
ii-
ii:
;ii
i 
i:i
iii
~~i
iii
iii
iii
$li
iii
$$i
i~i
iii
iii
ii 
ii:
iii
iii
:ii
iii
i!i
iii
iii
;ii
: 
:.
 '
"
'
:-
iii
iii
iii
iii
iii
iii
i
::
.~
::
~
.
:~.
::~:
::~
~
: ::
: ~ :
::
: :
:: :
:::
::
:::
:::
::
:::
::
:::
::
: ::
::`
:: :
~
:
-
'
~
: 
:
~
ii~
~i
iii
iii
iii
iii
iii
i 
iiiii
iiiii
iiiii
iiiii
iiiii
iiiii
iirii
iiiii
 1
1 ii
iii
ii ii
ji
ii
ii
ij
ii
i 
iii
iii
iii
i 
iii
ii i r
ii
ii
ii
i
//
~
~
~
~
~
~
~
 
~
?
 
/i 
~
:
iI
r 
irr 
ii
~
ri
I:
~
~
·i
i~
::
II
I:
::
~
Ii
Ii
-
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
IO
;j·
;L
L·
;~
S
 
V_
.
1 
~
 
~
 
h
n
P
 
e
D
~
P
 
~
'~
 ~
M
DA
C 
D
oc
K
JS
4 
NE
C 
ke
4. 
SQ
 I
-
LI
IF
 
Y
E
 
PO
LC
 m
l 
4:
P;0
 11
I
~
' 
, 
-
-
 
~
O
0
$/
T
~'
,
I 
0 
°
 
So
I 
.
,
 
o
i~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
E0
 
i~'!'
m 
7,
1 
.
rA
Lf
o'L
AI
D 
f 
D
C
 )C
- Q
0o
o
25
0
SE
.C
TI
 O
I
Si0V
~EG
 
FQO
R 
4~t
A-
A,
 
f
F'
Y
A
LO
&
 C
 
S
O
P
P
 02
t
FI
GU
RE
 
13
f
t07
6
(.
 L
 r
L 
_
_
_
, _
_
_
_
 
_
.
.
.
.
.
_
_
.
 
_
 
II
 
i 
i 
-
-
m
=
I
^
 A
; 
e
 
I 
f 
I 
"
'
-
,
 
.
'
.
 
%8
X 
.
.
 
S
·
-
-
-
-
-
 
PA
N
-- 
e-
,-
--
 r
P-
L-
g 
r,
 
A 
p/
 r
 
O
-A
 O
r 
Llr 
I 
\-
r
: c
, 
L
oc
~T
of
20
0
I
Te.
/Cg
 -
1
7
- -
G
ec
(O
S
Z2
¢,
//,
~I
./~
...
,',
.~
,~
 
,~
,
,
_
r 
-
~
.
 
_
_
/ 
-
I_
-\
